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Abstract 
After artificial hatching Locusta migratoria manilensis Meyen, the male adults were cultured in different temperature. 
By flow cytometry, DNA contents of apoptotic cells of germ cells were tested and analysed. The results showed that 
the apoptotic cells under different temperature always appeared in spermatogenesis of Locusta migratoria manilensis 
Meyen but arrived the peak in 45 . The conclusion of the study showed that the 25  was the best temperature of ć ć
development and the 45  was the worst temperature of development in spermatogenesis of ć Locusta migratoria 
manilensis Meyen. 
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1.Introduction 
The locusts in biological evolution process belongs to lower groups of animals. The physiological 
mechanism of locusts is relatively low and original and should produce a series of adaption 
especially by outside influences of environmental factors. The gametogenesis of locusts regulates 
and controls by many genes and proteins[1-6]. The environmental factors also have great influences 
on the genital development of insects and even decide the cell differentiation process of the insect 
gametogenesis. Research data shows that different temperature significantly affect the testis growth 
and spermatogenesis. High temperature will show obvious inhibition on the process and reduce more 
apoptosis even male infertility[7-10]. 
This research tested the DNA contents and apoptiosis of spermatogenesis of Locusta migratoria 
manilensis Meyen by flow cytometry under different temperature. We should explore the effect 
machanism of temperature on cell level during spermatogenesis and aim to provide the references 
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for pest prediction. 
2.Materials and methods 
2.1 Insects 
The Locusta migratoria manilensis Meyen from eggs to adults were cultured in wet lands and 
placed in constant temperature and light incubator˄L14˖D10˅at 30 ć. The male locusts were 
respectively cultured at 15 ćǃ25 ćǃ35 ć and 45 ć for 3 days. 
2.2 Cells preparation 
Five male locusts selected from different temperature were sterilized 75% alcohol 5 min and 
dried by sterile filter paper. Under sterile operation, the spermaries in PBS buffer were dissected and 
cut into pieces. After 200 mesh nets filtering, the mixture were centrifuged at 4 ć, 4000 r/min for 5 
min and abondoned the supernatant, twice repeat. Cells were fixed by 70% ethanol over night and 
centrifuged. After PBS buffer washed twice repeat, added PI dye solution (50ȝg/ mL) 4ć and 30 
min in dark. We used the flow cytometry to test the apoptosis of spermatogenesis of Locusta
migratoria manilensis Meyen and analysis the data by SPSS13.3 biological software. 
2.3 DNA content analysis 
  Draw DNA content distribution histogram after the cells from spermary of Locusta migratoria 
manilensis Meyen were analysed by FCM. The DNA content distribution histogram showed four 
main peaks that were apoptosis peak, haploid peak (1C peak), diploid peak (2C peak) and tetraploid 
peak (4C peak). 
2.4 Statistical analysis 
  All data were analysed by SPSS13.0 biological software in which could compared by ANOVA, 
S-N-K and LSD analysis, P<0.05 . 
3.Results 
3.1 DNA content histogram (Fig. 1) 
Under different temperature, there were apoptosis peak in the spermatogenesis of Locusta 
migratoria manilensis Meyen. The apoptosis peak arrived at the highest on 35ć and then the 25ć, 
at the lowest on 15ć and 45ć. Under different temperature, the 1C, 2C and 4C peak arrived at 
highest on 35ć and then the 25ć, at the lowest on 15ć and 45ć.
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3.2 Percentage of apoptosis cells in all kinds of ploidy (Fig. 2) 
From the percentage of apoptosis cells in all kinds of ploidy in spermatogenesis of Locusta
migratoria manilensis Meyen, the apoptosis cells arrived at the highest on 45ć and at the lowest on 
25ć. The 1C and 2C cells arrived at the highest on 25ć and at the lowest on 45ć. The 4C cells 
arrived at the highest on 35ć and at the lowest on 25ć. 
3.3 Ratio of apoptosis cells in all kinds of spermatocytes (Fig. 3) 
From the ratio of apoptosis cells in all kinds of spermatocytes in spermatogenesis of Locusta
Temperature 
Figure 2. Temperatural affect on the percentage of apoptosis 
cells in all kinds of ploidy 
Temperature 
Figure 3. Temperatural affect on the percentage of apoptosis 
cells in all kinds of spermatocytes 
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migratoria manilensis Meyen, there were not significant differences from 15ć to 35ć while 
appeared significant heighten on 45ć.  
4.Discussion 
In insect spermary, all kinds of spermatocytes from top to bottom are lined spermatogonia, 
primary spermatocyte, second spermatocyte, round spermid and mature sperm [11-13]. In the above 
process, there are many precise regulation and control such as some special protein[14,15]. To keep the 
precise expression and transmission of genetic message, all kinds of spermatocytes will keep a kind 
of ratio in process and speed of spermatogenesis. In spermary, the apoptosis of germ cells is a kind 
of physiological phenomenon under efficient and precise regulation. The apoptosis of germ cells can 
keep out the damaged cells or the aberrant cells. The apoptosis of germ cells can also ensure the 
effective amount of germ cells in gonad in which could be provided enough nutrition. On the other 
hand, the spermatogenesis of insect would be significantly affected by many factors especially 
environmental factors[16-18]. 
From the percentage of spermatocytes, the apoptosis cells arrive the lowest while appear 
significant rising with the temperature fluctuating on 25 ±10ć ć. On 45ć, the apoptosis cells arrive 
the highest. This results show that the apoptosis might occur at any temperature but the high 
temperature will induce the process significant increasing. The 1C, 2C and 4C cell are keep high 
physiological activity at 25 ć which mean the higher or lower temperature would significantly 
affect the spermatogonia differentiation and even the mature sperm emergence. So we infer that the 
hot effect has the significant influence on the apoptosis of spermatocytes. Secondly, the hot effect 
also impact on the inversion from the spermatogonia to the primary spermatocytes. Thirdly, the hot 
effect hinder the inversion from the secondary spermatocytes to the spermid. 
The ratio of apoptosis cell in all kinds of spermatocytes (apoptosis cell: (1C+2C+4C)) can 
reflect the spermatocyte differentiation and development. So the hot effect directly induce a large 
number of spermatogenesis apoptosis. 35ć is the best temperature to convert from primary 
spermatocytes to secondary spermatocytes. 25ć is the best temperature of meiosis and 45ć is the 
worst temperature to all process of spermatogenesis. 
All in all, temperature firstly affect on spermatocytes in which  hinder the primary 
spermatocytes produce and induce the apoptosis. And then the hot effect might fuction on the 
differentiation from primary spermatocytes to secondary spermatocytes. Finally, the hot effect affect 
the process of mature sperm. The cell number in whole spermatogenesis might be regulated by 
apoptosis. 
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